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 Conservation of diversity  
Table 1. Documented data (as of April 2012) on national and international collections 
(with international genebanks in orange). 
 










































































1 Bangladesh Bari 40 16 16 699 932 
2 Benin CRC Sémé Podji 4 0 0 116 20 
3 Brazil EMBRAPA 29 23 23 1 286 1665 
4 
China Wenchang Coconut 
Research Inst. 
17 17 3 366 312 
5 
Côte d'Ivoire CNRA Marc 
Delorme R. S. 
149 124 61 5 782 
10 
163 
6 Fiji Taveuni Coconut Centre 11 10 10 413 536 
7 Ghana OPRI 16 15 13 206 71 




Indonesian Palm Research 
Institute 
203 84 62 5 747 6 631 
10 Jamaica Coconut Industry Board 60 47 28 923 522 
11 Malaysia Dept. of Agric. Sabah 45 37 19 968 924 
12 Malaysia MARDI Hilir Perak 44 44 44 1 213 2 621 
13 Mexico CICY Yucatan 20 0 0 568 800 
14 Pakistan 32 0 0 192 1148 
15 
Papua New Guinea Stewart Res. 
Centre 
57 50 49 937 759 
16 Philippine Coconut Authority 224 224 130 6 444 8 259 
17 
Solomon Islands Yandina Res. 
Centre 
21 20 20 398 147 
18 
Sri Lanka Coconut Research 
Institute 




Tanzania Nat. Coconut Dev. 
Programme 
72 65 57 2 420 963 
20 
Thailand Chumphon Hort. 
Research Centre 
52 51 49 1 480 760 
21 Tonga Ministry of Agriculture 7 0 0 45 274 
22 
Vanuatu Saraoutou Research 
Centre 
79 57 44 2 494 1 768 
23 
Vietnam Dong Go Experimental 
Centre 
31 31 31 1 221 1 093 
24 Western Samoa 9 6 6 84 36 
 Total 1 680 1 374 962 49 551 67 476 
Limitations of field genebanks 







Figure 1. Stages in coconut embryo transfer (CA Cueto, VB Johnson & R Bourdeix). 
(Red text indicates additions to earlier versions of the protocol). 



















Figure 2. Over-mature, germinated coconut (CA Cueto, PCA-ARC). 
 
 
Figure 3. Recognising 10-11 month old nuts (RL Rivera, PCA-ZRC). 





Figure 4. Nut labelling  
(RL Rivera , PCA-ZRC). 
Figure 5. De-husking  
(RL Rivera, PCA-ZRC). 
  
 
Figure 6. Nut splitting (RL Rivera, PCA-ZRC). 
 
Processing of endosperm plugs 




   
Figure 7. endosperm plug extraction  
(RL Rivera, PCA-ZRC) 
Figure 8. Serrated cork-borer  





Disinfection of endosperm plugs 
 
 
Ensure sufficient cork borers and a sharpener are available (C Oropeza, pers. comm. 2012) 
  
 
Figure 9. Coconut endosperm-plug disinfection (RL Rivera, PCA-ZRC). 
 




 Figure 10. Packing and labelling endosperm plugs (RL Rivera, PCA-ZRC). 
Preparation of materials for transit 
Transit vials  
 
 







Table 2. Concentration of stock solutions and volume of stock solution to prepare  
for 1x of 1 L Y3 medium. 
Stock solution  Volume for 1 L of Y3 medium (ml) 
Macronutrients (10x) 100 
Micronutrients (100x) 10 
Vitamins (100x) 10 
FeEDTA (100x) 10 




























































Figure 12. Embryo excision and inoculation (PCA-ZRC). 
 
PCA-ZRC Protocol for in vitro culture 
(Laboratory operations) 
Excision of the embryo from 
the endosperm plug  
Disinfection of culture media 
receptacle opening  









 Note: If embryos and embryo cultured seedlings are coming from disease-risk 
areas i.e. areas reported with coconut Cadang-cadang viroid and Phytomonas-








Figure 14. Four month-old embryo cultured seedling 
 ready for ex vitro establishment  
(C Cueto, PCA-ARC) 
 Figure 13. Embryo culture and germination (PCA-ZRC.) 
PCA-ZRC Protocol for in vitro culture 
(Shelves/racks) 
Embryos were singly inoculated 
onto “ketsup” bottle containing 
Y3 liquid media 
Germinating embryo Developing embryo  
It is lighted with 40 watts fluorescent 
tube with approximately 4000-5000 lux 
just above (6 inches) the bottles at 9 h 
photoperiod (15 h dark and 9 h light) 
Mode of transfer 
Table 3. Comparing transport by courier and hand-carrying. 
Parameters Hand-carrying Via courier 
Cost 
Entail additional expense of travelling 
specialist to collect embryos 
Entail cost of freight  
Duration of transit 
Depends on the distance of the 
originating laboratory to the receiving 
laboratory. Normally, a maximum of 
four days. 
Depends on the courier service 
provider; could last up to two 
weeks. 
Can take sometimes for the 
package to be released due to 
custom-related issues  
Handling during 
transit 
Assurance of proper handling and 
storage conditions of the package 
No assurance of the storage 
conditions provided by the 
courier service.  
  
 






e.g. using ‘Sharpie’ markers.
Figure 15. Embryos three months  
after germination  
(CA Cueto, PCA-ARC). 
Figure 16. Removed shoot cap  
(CA Cueto, PCA-ARC) 
Notes:  
Pech y Aké et al. (2007) report that using Gibberellic acid (GA3) can benefit 
coconut embryos in culture, favouring germination and conversion for plants 
grown in a semi-solid medium.
For GA3-supplemented media, the GA3 should be filter-sterilized using 
Millipore filtration: 
 Sterilize the filtration set-up, millipore membrane filters membranes 
(0.45 and 0.20μm), and empty reagent bottles to contain the filter-
sterilized solution (Figure 17). In the absence of a filtration facility, 
sterilize glass and millipore holders containing millipore membrane 
filters. Disposable sterile syringes and Millipore filters are also 
available. 
 Filter-sterilize the GA3 stock solution using sterile 0.45μm millipore 
membrane filters. 
 Proceed with filter-sterilization using 0.20μm millipore membrane 
filters.  
 Compute for the required volume of GA3 needed.  
For BAP-supplemented medium, co-autoclave BAP with the culture medium.  
Figure 17. Filter sterilization (MBA Ubaldo, PCA-ARC) 
 
  




Note: In laboratories which practice medium-replenishment, culture the embryos in 
wide-mouthed bottles or ketchup bottles, whichever is available. With this method, 
the embryos are not transferred to new culture vessels during subculture; instead, 
the embryos and eventually, the growing seedlings are maintained in the same 
culture vessel. The medium is replenished with the new medium either by decanting 
or pumping out the old medium and pouring in the new medium after one to two 
months. A suction pump may be used to remove the old and add the new media. 


























Figure 19. Embryo-cultured 
coconut plantlets for transfer  












Lethal Yellowing Disease (LYD) 
Symptoms 
Diagnosis and detection 
Antibiotherapy in Florida as preventive treatments for non-food palms; curative treatments not 
possible; antibiotic treatments not allowed in several countries (M. Dollet 2012, Pers. comm.).
  
Figure 20a. LYD devastated coconut palms, 
Ghana (M Dollet, CIRAD). 
Figure 20b. Premature fruit drop, Ghana  






Figure 20c. Inflorescence necrosis caused by LYD, Cuba (M Dollet, CIRAD). 
 Figure 20d. LYD leaf chlorosis, Mozambique  (M Dollet, CIRAD). 
Cadang cadang 
Symptoms 
Diagnosis and detection 
Figure 21a. Coconut leaf symptoms of Cadang cadang: healthy palm (top) and palm with 
late stage of the disease showing non necrotic chlorotic spotting (J Randles, Waite 
Agricultural Research Institute, University of Adelaide). 
 
 
Figure 21b. Area with high incidence of Cadang cadang disease, showing trees in early, mid 
and late stages (J Randles, Waite Agricultural Research Institute, University of Adelaide). 
Weligama coconut leaf wilt disease and Kerala wilt 



















Box 1. Good practices at BPI Plant Quarantine Service in the Philippines 
In transferring plant materials the Plant Quarantine Service requires completed forms 
for:  
1. Exporting plant materials: Application for Inspection and Phytosanitary 
Inspection (BPI ‘Q’ FORM No. 10).  Information required includes- Common 
Name; Scientific Name; Quantity; Description & No. of Packages; Source of 
Plants/Plant Products; Name & Address of Consignee; Date and Place of 
Inspection Desired; Port Of Entry; Means of Conveyance; Flight No./Voyage 
No.; Departure Date; Import Permit No./Additional Declaration/Treatment (if 
any); (Signature of Applicant/Authorized Representative); stamp of the 
service (Name & Designation of Applicant/Authorized Representative). 
 
2. Application for Accreditation- as an importer of plant materials, signed by 
the public notary 
 
3. Accreditation Validation of accreditation: Information required includes- 
Company Name; Address of Present Office; Contact Numbers (Tel. & Fax 
No.); T.I.N. Number; Name of the Owner; Name of Representative/s; 
Commodity to be imported. 
To be filled up by the PQ officer - Application for Accreditation (Notarized); 
Company Profile; DTI Registration/ SEC Registration/CDA Certificate of 
Registration; Current Mayor’s Permit (2009); Valid Certificate/Contract of 
Lease of Storage Facilities; Sketch map of Storage Facilities; Special Power 
of Attorney of Representative/s; Current Bureau of Customs-Certification of 
Accreditation; Two (2) 2X2 ID Pictures of the Owner and the Representative/s; 
Notes:; PQ Officer signature. 
 
4. Application for Plant Quarantine Clearance Plants/Plant Products (BPI 
‘Q’ FORM No. 1).  Information required includes- Common Name; Scientific 
Name; Quantity; Purpose of Importation; Place of Origin or Source of 
Plants/Plant Products; Name, Address & Country of Exporter; Port Of Entry; 
Means of Conveyance; Flight No./Voyage No.; Final Destination (Exact 
location and Sketch where plants are grown); Expected Date of Arrival; 
Signature of Applicant/Authorized Representative; stamp of the service 
(Name & Designation of Applicant/Authorized Representative). 

Contributing institutions (by alphabetical order) 
Institution Country Website Logo 
Bioversity International Italy http://www.bioversityinternational.org/ 
 
the Central Plantation 




the Centro de 
Investigación Científica 
de Yucatán 
Mexico http://www.cicy.mx/  
 









the Coconut Research 
Institute (CRI) 
Sri Lanka http://www.cri.gov.lk/ 
 




L’Institut de recherche 
pour le développement  
(IRD) - UMR DIADE 
France http://www.diade-research.fr/ 
 




Sri Lanka http://www.cdjedmin.gov.lk/ 
 






    
Institution Country Website Logo 
 
Station de recherche 
Marc Delorme, Centre 
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Table A1. Overall data summary. 




% embryo contamination 
PCAZRC  
WAT  43 98 
MYD 83 40 
CRISL  
WAT  10 55 
MYD 15 23 
CCIPNG  
WAT  78 13 
MYD 43 73 
Average  
WAT  45 55 
MYD 47 45 
% embryo germination  
(with in vitro manipulation)  
PCAZRC  
WAT  73 90 
MYD 50 83 
CRISL  
WAT  54 3 
MYD 55 60 
CCIPNG  
WAT  No data No data 
MYD No data No data 
Average  WAT  63 46 
 
MYD 53 72 
incomplete data from PNG
Table A1 (cont’d) 




% embryo germination  
(without in vitro manipulation)  
PCAZRC  
WAT  73 90 
MYD 50 83 
CRISL  
WAT  3 0 
MYD 43 30 
CCIPNG  
WAT  No data No data 
MYD No data No data 
Average  
WAT  38 45 
MYD 46 56 
% coconut seedlings  
established for field-planting 
PCAZRC  
WAT  40 2.5 
MYD 15 20 
CRISL  
WAT  10 0 
MYD 30 25 
CCIPNG  
WAT  No data No data 
MYD No data No data 
Average  
WAT  25 1 
MYD 23 23 
 
  
Figure 23. Coconut embryo contamination 
levels 
Figure 24. Coconut seedling establishment 
levels 
  
Figure 25. Germination levels of embryos 
without in vitro manipulation 
Figure 26.Germination levels of embryos 
with in vitro manipulation 
 
Table B1. The composition of the Eeuwen’s (Y3, 1976) mineral and vitamin solutions. 
COMPONENTS Amount 
MACRO (mg/l) 
Calcium chloride di-hydrate CaCl2.2H2O 294 
Magnesium sulphate heptahydrate MgSO4.7H2O 247 
Potassium nitrate KNO3 2020 
Potassium chloride KCl 1492 
Sodium di-hydrogen phosphate di-hydrate NaH2PO4.2H2O 312 
Ammonium chloride NH4Cl 535 
MICRO 1x (mg/l) 
Manganese sulphate tetrahydrate MnSO4.4H2O 11.2 
Zinc sulphate heptahydrate ZnSO4.7H2O 7.2 
Boric acid H3BO3 3.1 
Potassium iodide KI 8.3 
Cupric sulphate pentahydrate CuSO4.5H2O 0.25 
Sodium molybdate di-hydrate Na2MoO4.2H2O 0.24 
Cobalt chloride hexahydrate CoCl.6H2O 0.24 
Nickel chloride hexahydrate NiCl.6H2O 0.024 
IRON 1x (mg/l) 
Ferrous sulphate heptahydrate FeSO4.7H2O 13.9 
Ethylene dinitrilo tetra acetic acid disodium 
salt di-hydrate 
Na2EDTA.2H2O 37.3 
Table B1 (cont’d) 
COMPONENTS Amount 
VITAMINS 1x (mg/l) 
 
Myo-inositol 100 
Thiamine hydrochloride Thiamine HCl 0.5 
 Nicotinic acid 0.05 





 Biotin 0.05 
Table B2. The components and pH of the “hybrid medium” being used for coconut 










NH4Cl 535.00 5.35 
KNO3 2020.00 20.20 
MgSO4.7H2O 247.00 2.47 
CaCl2.2H2O 294.00 2.94 
KCl 1492.00 14.92 









KI 8.30 0.830 
H3BO3 3.10 0.310 
MnSO4.4H2O 11.20 1.120 
ZnSO4.7H2O 7.20 0.720 
CuSO4.5H2O 0.250 0.0250 
CoCl2.6H2O 0.240 0.0240 
NaMoO4.H2O 0.240 0.0240 







Fe2SO4.7H2O 41.70 4.170 
Na2EDTA 55.80 5.580 










Pyridoxine HCl 0.05 0.005 
Thiamine HCl 0.05 0.005 
Nicotinic acid 0.05 0.005 
Ca-D-pantothenate 0.05 0.005 
Biotin 0.05 0.005 
Folic acid 0.05 0.005 




 60 g/l from culture initiation until seedlings have 
developed shoots and roots (until the 2nd to 3rd month) 





Gelling agent  7-8  g/l 





 Culture initiation (So) = liquid  +60g/l sugar 
 1st Subculture (S1)     = solid  + 60 g/l sugar  
2nd Subculture (S2)    = solid + 60 g/l sugar if not 
germinated yet 
                            = liquid +45 g/l sugar if 
germinated 
 3rd Subculture (S3)    = liquid +45 g/l sugar until the 






             
